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ABSTRACT 
The epithelium of the black ape ureter 
was studied and the following results were 
obtained. 
1. The cell surface of the ureter epithe-
lium was slightly domed. 
2. The cell of the epithelium showed 
irregular sphere or piriform, and the cell 
process united another one. 
3. The surface of the cell is characte-
rized by numerous small ridges. 
4. The ridges were observed in a reti-
cular pattern, and it seems to be an arabes-
que appearance at the luminal plasma 
membrane. 
5. The luminal cell surface showed 
numerous, irregular, microvilli-like struc-
tures. 
6. Small cells in the second layer had a 
smooth appearance and lacked reticular 
ridges. 
7. The ridges and microvilli-like struc-
tures of the surface cell in the ureter epithe-
lium are more irregular in shape and distri-
bution than those of the bladder epithelium. 
INTRODUCTION 
Several recent studies have investigated 
the bladder, urethra and upper urinary 
tract by scanning electron microscopy 
(SEM) .1-14) However, investigations on the 
fine structure of the epithelium of the ureter 
by SEM are few. The previous observa-
tions made by light microscopy have been 
elaborated by further study. Apart from 
a general description of the functional 
disorder or diseases of the ureter, there is 
very little information available on the 
ultrastructure of the transitional epithelium 
of the ureter. The present investigation is 
concerned with two aspects of the morpho-
logy of the ureter transitional epithelium 
and its function. In adult mammals, the 
lining (transitional) epithelium of the 
bladder and ureter undergoes cell renewal 
at a very slow rate and has been classified 
among the expanding cell populations 
(Leblond,5) '64). The present study was 
undertaken by SEM to examine the detailed 
surface morphology of the surface cells, cell 
renewal and the manner in which they 
adjust to varying degrees of ureter disten-
sion. The present study was made to clarify 
the morphological differen ces of the tran-
sitional epithelium between the ureter of 
black ape and the urinary bladder of the 
other animals. 
MA TERIALS AND METHODS 
The ureter of male black ape (Cyno-
pithecus niger) weighing 5 kg was excised 
under anesthesia. Specimens from the 
proximal, middle point and distal ureter 
and from the bladder were obtained. 
Specimens for light microscopy were placed 
in a 10 per cent solution of formalin for 
20 hours, dehydrated through gradei etha-
nol, embedded in paraffin and sectioned. 
After being mounted on glass slides the 
sections were washed with xylene and 
stained with hematoxylin and eosin. Spe-
cimens intended for scannmg electron 
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microscopic study were immersed in a 2.5 
per cent solution of glutaraldehyde with 
phosphate buffer at a temperature of 4C. 
For observation by conductive staining 
method the specimens were left in the 
glutaraldehyde for 1 hour, in a 2 per cent 
solution of osmic acid for 1 hour, in a 2 
per cent solution of tannic acid for 1 hour 
and again in a 2 per cent solution of osmic 
acid for 1 hour-always at 4C. They were 
dehydrated in graded ethanol, which was 
replaced gradually with benzol, and finally 
they were immersed in p-dichlorbenzene 
for 2 hours at a temperature of 60C. After 
being immersed the specimenswere placed 
at room temperature for 24 hours until 
sublimation. 
RESULTS 
1. The upper part of the ureter near the 
renal pelvis 
The free surfaces of the black ape ureter 
were slightly domed, and characterized by 
numerous small ridges. The surface cells 
of the collapsed ureter showed polygonal or 
slightly spherical shape. Secretion-like 
substance adhered to the cell surface. 
Small polygonal holes were occasionally 
seen in areas of the interior luminal surface, 
they were marks of the peeled off surface 
cell (Fig. 1). 
Several layered cell groups were seen in 
the perpendicularly cut surface to that of 
transitional epithelium at higher magnifica-
tion. The cell nucleus was frequently 
separated from the cytoplasm a in the cut 
surface of the cell. Filament-like fibers 
were observed in areas of the cytoplasma. 
According to the figure 2, these cells showed 
polygonal shape. 
2. The middle part of the ureter 
Figure 3 showed a transversely cut sur-
face of the ureter. As the ureter epithelium 
showed 4 longitudinally running plicae, 
the transversely cut surface of the interior 
lumen showed a star or acinous form. Ir-
regularly arranged surface cells of epithe-
lium and smooth muscle layers surrounding 
the lumen were seen (Fig. 4). The transi-
tional epithelial cells seemed occasionally 
to be raised in protrusion to the surface, 
however, the cells unites each other(Fig. 5). 
According to the figures 6 and 7 showing 
the transitional epithelium of interior lumen 
of the ureter, the cells showed an irregular 
sphere or piriform. The cell process unites 
another one. A cell may have several 
processes. The transitional epithelium of 
figure 8 'seemed to be a stratified columnar 
epithelium. It consists of three layers, the 
most superficial cells were irregular in 
shape. However, the cells under the second 
layer in depth were columnar in shape. A 
columnar cell united smoothly the sur-
rounding other cells, on the other hand, 
it combined directly with the upper or 
lower cell. According to a typical view iIi 
the luminal surface of the middle part of 
the ureter, the surface cells were seen poly-
gonally in shape (Fig. 9). Higher magnifi-
cation of a part of the luminal cell surface 
showed numerous, irregular microvilli-like 
structures (Fig. 10). Separated nuclei hav-
ing spherical or oval shape and filaments 
in the cytoplasma were observed in the 
longitudinally cut surface of the transitional 
epithelium (Fig. 11). 
The muscularis has three smooth muscle 
layers. The outer and the inner layers 
are thin and arranged longitudinally. The 
middle layer is relatively thin and arranged 
in a circular manner (Fig. 4). 
3. The lower part of the ureter near the 
urinary bladder 
In the lower part of the ureter, the free 
surface of the lumen was distinctly wrinkled 
and highly irregular. The ridges in the 
central portion of the surface cell were 
closer together and appeared to be higher 
than in the distended state (Fig. 12, 13). 
It seemed to be an arabesque appearance 
of the luminal plasma membrane. Nearly 
all of these small cells in the second layer 
had a smooth appearance since they showed 
only sparse microvilli as a surface feature, 
and lacked reticular ridges (Fig. 13). Figure 
14 showed a longitudinally cut surface of 
the transitional epithelium of the lower 
ureter. The stratified epithelium seemed 
to be united one another. In the cut 
surface of the epithelium, the nuclei flew 
out from the cell, and the electron conduc-
Muto et a \. : Ureter epi thelium . SEM 
Fig. I . U pper pa n of 
peh- is. The free 
slightl y d omed. 
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the ure ter ncar the rena l 
surfaces of the ure ter a re 
Ba r = 10 fl m. 
Fig . 2. Upper pa rt of the ureter. Severa l laye red 
ce ll groups a re seen in the perpendi cula rl y 
cut surface. Bar = 10 flm. 
Fig. 3. M iddle pari of the ureter. A transve rse ly 
CUi surface of the ure ter is seen . Bar = 100 
flm. 
F ig. 4 . Midd le part of the ure ter . Smeoth muscle 
layers surround ing the lumen a re seen. 
Ba r = 30 fl m. 
Fig. :-,. M iddlc part o r the ureter . Tra nsiti ona l 
epit he lia l ce ll s seemed to be ra ised in 
pro trussion to the surface . Bar = 10 fl m. 
756 Aeta Urol. J ap. \ '01. 25 No.8, 1979 
Fig. 6. Midd le pa n of th e ure tcr . Thc ce ll s in th e 
transitiona l epithel ium of inte rior lumen 
showed a irrcgula r sphcre 0 1' pir ifo rm. Ba r 
= 10 pm . 
Fig. 7. l\!iddl c pan of the urctc r . Tile ce ll un ites 
ano ther onc . B3r = 10 1'm . 
Fig. 8. Middl c pa n of the ure tcr. Th etransitiona l 
c;:J ithc lium scems to be a strati fi cd co luIY.-
nar epithe liu m. Bar = 10 pm. 
Fig. 9 . :\l iddlc part of the urete r. Surfacc ce ll s a rc 
secn p~ l ygc n a ll y in shape . Ba r = 10 pm. 
Fig. 10. l\ l iddle pa n of the urete r . " part of the 
lum ina l ce ll su rface showed numerous and 
irregu la r lIli,.rO\· illi-likc s tructu res. Bar = 
I 11Il1. 
]',,[u to et a \.: U reter ep itheliulll . SEM 757 
Fig . II. Middle pa rt of the ureter. Separa ted 
nucle i and fil a llle l1ls a re obse rved in th e 
cy toplasllla a t the longitud ina ll y cu t surfa -
ce . Bar = IO fl lll. 
Fig. 12. Lower pa rt of the ureter. Ridges in the 
cel1lral p ortion of the surface ce ll seelll to 
be a n a rabesque appearance. Ba r = 10 fl lll. 
Fig. 13 . Lower portion of th e urete r. Slllooth sur-
face ce ll s a re seen In the u re ter. port ion. 
Ba r = IO fl lll . 
F ig. 14. Lower part of the ureter. A longitudina ll y 
cut surface is visib le . The stratified epit-
he li a l ce ll seellled to be united one another. 
Ba r = IO fl lll . 
Fig . 15. Lower pa rt of th e ure ter . I n the cut 
surface o f th e epithe liu lll , th e nuclei fl ew 
out frolll the cell. Ba r = 10 p ill . 
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tivity of the peripheral zone near the cell 
membrane was lower than the central zone 
of the cell (Fig. 15). 
4. The cell surface of the urinary bladder 
epithelium 
The free surface of the epithelial cells 
exhibited either scanty, short microvilli or 
a few distinct ridges. 
DISCUSSION 
The epithelium of the ureter IS of the 
transitional type. Hitherto, study of the 
ureter by SEM are few. Investigation 
of the bladder by SEM has confirmed the 
numerous observations made in the past 
by light microscopy(Martin9J, '72) and by 
transmission electron microscopy (Hicks, 
'653J, 56a, b, Petry and Amonlll , '56), that 
the surface cells of transitional epithelium 
are some of the largest in the mammalian 
body. Although the surface cells of transi-
tional epithelium of the black ape vary 
markedly in size, and their diameters natu-
rally change during phisiological state, when 
the ureter is fixed in moderate distension 
to obtain flat cell surfaces, some of the cell 
profiles are found to have an average 
diameter of approximately 40 fim in SEM 
preparations by conductive staining method. 
In the contracted state, the epithelium as 
a whole is thrown into several folds, and 
they vary in number by the part of the 
ureter. As distension proceeds, the surface 
folds disappear and the cell surfacc becomes 
flat. A system of ridges is present on the 
flattened cell surfaces, the ridges are obse-
rved in a reticular pattern, and the areas 
of surface enclosed between them are 
concave in shape. This pattern is thought 
for the arabesque appearance of the luminal 
plasma membrane. The ridges are more 
irregular in shape than those of the urinary 
bladder. 
At the cell margins the ridges are raised. 
I t is considered that the ridges are struc-
tures showing limited elasticity. The lu-
minal folding of the ureter epithelium is 
less than that of the bladder one. The 
bladder stores urine, on the other hand 
the ureter transports it. 
These observations support the conclu-
sion reached from investigations on iso-
lated segments of luminal plasma mem-
brane, made by TEM, negative staining 
and freeze-etching(Staehelin et al. 12), '72; 
Chla powski et a1.12), '72). 
I t was noted that the membrane is com-
posed of plaque, concave surface areas and 
the ridges which separate them. The 
significance of the plaques is not clear. 
However, Wong et al.l3) stated that the 
plaques in the bladder epithelium of the 
guinea pig showed the typical asymmetric 
membrane structure and contain particles 
arranged in hexagonal groups. 
It was observed that among the general 
population of the ureter surface cells a 
small number have a relatively smooth 
luminal surface. Similar cells, smooth sur-
face and without ridges, reported in bladders 
of dogs and cats (Mooney and Hinman1Q), 
'74). Although relatively smooth, the 
surface of these cells of the bladder showed 
the presence of scattered microvilli, and it 
reported, from a study of fetal material, 
that this is a feature of immature surface 
cells (Wong and Martinl3), '75). Smooth 
surface cells in the ureter are considered 
as immature ones, because they were obs-
erved in the trace of fallen surface cells. 
Following an auto radiographic study, it 
was shown by Martin9) ('72) that the sur-
face cells of the bladder are slowly replaced 
from the underlying layer of large piriform 
cells, and Wolf14) ('65) demonstrated by 
means of a replica technique and TEM 
that the piriform cells emerge by protruding 
between the surface cells in "button-like 
formations". Following a scanning elect-
ron microscopic study by us, the presence 
of piriform cells were recognized in the 
ureter epithelium. The piriform cells are 
of immature and their slender portions 
reach to the underlying cells. It is thought 
that the piriform cells are slow to reach 
maturity after emerging. 
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l 尿管上皮の細胞表面はわずかにドーム状をなし 5. 内腔の細胞表面は，多くの不規則な，微繊毛の
ていた. ような構造を示した.
2. 上皮の細胞は不規則な球形か西洋梨の形を示し 6. 第2層の小さい細胞は，滑らかな外観を持ち，
細胞の突起はお互に結んでいた. 網状の隆起に欠けていた.
3. 細胞の表面は多くの小さい隆起があるのが特徴 7 尿管上皮の表面細胞の隆起と微繊毛構造は跨統
である. 上皮よりも，形，分布が不規則である.
